Abstract: The signal crayfish, Pacifastacus leniusculus (Dana, 1852), was recorded in the Slovak-Austrian stretch of the Morava (March) River in the Záhorie region in August 2006. This is the first confirmed record of a non-indigenous crayfish species of American origin in Slovakia. Most likely, signal crayfish were intentionally released to the river by Austrian fishermen, or invaded from adjacent water bodies in Austria. As this species has a substantial invasive capability and is a potential vector of the crayfish plague pathogen, it represents a threat to the native crayfish species and its spread should be monitored. Its invasion upstream to the territory of the Czech Republic is not unlikely in near future.
Introduction
Freshwater crayfish are recognised as being one of key faunal elements in European running waters (Holdich 2002) . Populations of European native crayfish species have declined in the last approximately 150 years due to various factors. The spread of crayfish plague, a disease lethal to the local species, had decimated populations over most of the continent in the second half of the 19 th and beginning of the 20 th century (Alderman 1996) . Currently, the crayfish populations are endangered by various human-related activities, such as pollution, habitat modification and eutrophication. Among the most serious hazards, however, are interactions with alien species.
Since the end of the 19 th century, several crayfish species of non-European origin have been introduced to Europe, and several of them are currently found in European open waters (Gherardi & Holdich 1999; Souty-Grosset et al. 2006) . Out of these, three American species have attained a wide distribution and have significant impact on the native biota and environment: the Louisiana red swamp crayfish Procambarus clarkii (Girard, 1852), the spiny-cheek crayfish Orconectes limosus (Rafinesque, 1817), and the signal crayfish Pacifastacus leniusculus (Dana, 1852) (Gherardi & Holdich 1999) . While the first of these species is limited to warmer climates, both remaining American species are present in a number of Central European countries, including the Czech Republic, Poland, Hungary and Austria (Souty-Grosset et al. 2006) .
American crayfish species pose a significant threat to native crayfish fauna. Those with a wide distribution are characterised by high fecundity, good migratory ability and aggressive behaviour, which make them efficient competitors (Lindqvist & Huner 1999) . Apart from a direct competition, a major concern arises from the fact that these species are vectors of the crayfish plague pathogen, the oomycete Aphanomyces astaci Schikora, 1903, and their populations serve as a pathogen reservoir (see Edgerton et al. 2002 and references therein) . In some regions, the human-mediated spread of non-native crayfish has been shown to be the main reason for the loss of endangered native crayfish populations (e.g., Diéguez-Uribeondo 2006).
To date, three crayfish species have been recorded in the Slovak territory, all of them of European origin. At least two of them are native to the region -the noble crayfish Astacus astacus L., 1758, present in various regions of Slovakia (e.g., Hudec 1994; Reiterová & Hudec 2002; Stloukal et al. 2004) , and the stone crayfish Austropotamobius torrentium (Schrank, 1803) (Stloukal et al. 2004; Stloukal & Harváneková 2005) . The status of the third Slovak species, the narrow-clawed crayfish Astacus leptodactylus Eschscholz, 1823, is less clear. The species originates in the Pontocaspian region and Eastern Europe, and has been introduced to various water bodies in Central Europe following mass mortalities of native crayfish caused by the crayfish plague (SoutyGrosset et al. 2006) . Most of the territory of Slovakia, however, is probably within the native range of this species. Currently, A. leptodactylus is found scattered mainly in several areas of Eastern Slovakia (Hudec 1994) but also in lowlands in the southern part of the country, including the Morava watershed (Košel et al. 2003) . Until now, there have been no records of nonEuropean crayfish species in Slovakia; inclusion of Orconectes limosus in the Slovak checklist by Holdich (1998) was apparently erroneous. However, both spinycheek and signal crayfish have been recorded in most neighbouring countries (Souty-Grosset et al. 2006) . As these species are spreading both actively and through human-mediated introductions to new localities (Pöckl & Pekny 2002; Petrusek et al. 2006; Puky & Schád 2006) , and have been found in close vicinity to the Slovak territory (Pöckl & Pekny 2002) , it could have been expected that the finding of an American crayfish in Slovakia was only a matter of time.
Material and methods
Several shore habitats of the Morava River (Austrian toponym: March) were checked for the presence of crayfish on August 19, 2006 after having received information from local fishermen about an unusual crayfish in the area. Suitable locations along the shoreline were selected from a boat, and manually searched for potential shelters.
Site with the signal crayfish record: Left bank of the Morava River, north of Suchohrad, Záhorie, Slovakia (48
• 24 47 N, 16
• 51 01 E; altitude ca. 144 m a.s.l.). The river bank in the area was partly regulated, the substrate at the site consisted of loosely scattered large rocks interconnected by concrete, embedded in the muddy bottom. Deep hollows were present underneath most of these rocks.
Biometrical measurements of the captured crayfish (following Ďuriš et al. 2006) were taken by a metal calliper, and rounded to the nearest 0.5 mm. The soft abdominal cuticle was dissected and used for detection of the crayfish plague pathogen Aphanomyces astaci by the polymerase chain reaction, following precisely the protocol from Oidtmann et al. (2006) .
Results
Two signal crayfish individuals were caught at the above-listed site, under rocks at depths 30-50 cm. Their biometrical measurements were as follows:
1. Adult male: total body length (TL = distance rostrum-telson) 12.8 cm; postorbital carapace length (POCL = from the posterior orbital margin the posterior median edge of the carapace) 5.15 cm; rostrum length (RL = from the tip of rostrum to the posterior orbital margin) 1.6 cm; right chela length (CHL) 5.55 cm, chela width (CHW) 2.65 cm, chela thickness (CHT) 1.45 cm.
2. Adult female: TL 9.7 cm, POCL 3.6 cm, RL 1.3 cm, CHL 3.55 cm, CHW 1.60 cm, CHT 0.80 cm.
Both individuals were preserved in ethanol and are deposited in the Slovak Nature History Museum in Bratislava (Slovakia).
The entire body of the male individual, including chelae, legs, and antennae, was densely covered by a growth of stalked epibiotic ciliates Epistylis sp. (Peritricha: Epistylididae). A large amount of fine sediment had accumulated in this ciliate outgrowth. The female had apparently recently moulted, and had a clean carapace with no attached epibiotic organisms. The presence of the crayfish plague pathogen was not confirmed in either of these two individuals (E. Kozubíková, unpublished) .
Discussion
The finding of the signal crayfish in the Morava River is the first record of an American crayfish species in Slovakia. The source from which it spread to the Morava River is not known, however, it is very likely that the population originated in the Austrian territory. P. leniusculus is regarded as a major invasive species in Austria -it is distributed over most of the country (Pöckl 1999; Pöckl & Pekny 2002) , and has been frequently illegally introduced to a number of water bodies (Pöckl & Pekny 2002) . We therefore presume that the signal crayfish population in the Morava River has its origin in an introduction by Austrian fishermen, either directly to the river or into adjacent water bodies, such as side arms and oxbows. Alternatively, the crayfish may have escaped from aquaculture.
According to Pöckl & Pekny (2002) , two crayfish species could be sparsely found in the Slovak-Austrian stretch of the Morava River at the end of the 1990s: the narrow-clawed crayfish A. leptodactylus and the spiny-cheek crayfish O. limosus. Interestingly, the latter species has never been recorded in Slovakia, so apparently its numbers remained very low and it did not spread further. The relatively low invasiveness by the spiny-cheek crayfish in the Morava River reflects the situation in other parts of Austria where it is present (Pöckl & Pekny 2002) , but is in contrast to the situation in Hungary where the species is spreading fast in the Danube River (Puky & Schád 2006) , or in the Czech Republic where it is widely distributed in the Elbe watershed Filipová et al. 2006a) .
Any intentional introductions of American crayfish are certainly unwelcome in the region. Firstly, the American species may harm or prevent the reintroduction of native crayfish. In 1999, an apparently successful reintroduction of A. astacus took place in the backwaters in the floodplain of the lower Morava between Baumgarten and Marchegg (Pöckl & Pekny 2002) . These backwaters are separated from the main river but connect to it during flood events. Although it was assumed that the presence of scarce O. limosus in the river upstream would not pose a threat (Pöckl & Pekny 2002) , the occurrence in the region of an additional American species with significant competitive ability may limit the success of reintroduction.
The ability of the American crayfish to carry and transfer the crayfish plague pathogen may also have serious conservational consequences. The only region in Slovakia where the stone crayfish A. torrentium occurs, the Malé Karpaty Mts (Stloukal et al. 2004; Stloukal & Harváneková 2005) , is located very close to the Morava River, and the streams on the north-western slopes of A. Petrusek & T. Petrusková this mountain range actually belong to the Morava watershed. These stone crayfish populations represent an isolated group at the edge of the species distribution area, and are therefore of especially high conservational value. The noble crayfish A. astacus also occurs in the same region (Stloukal et al. 2004 ). The crayfish plague has been shown to be widely distributed among O. limosus populations and still causes crayfish mass mortalities in the Czech Republic (Kozubíková et al. 2006 (Kozubíková et al. , 2007 . Similarly, plague outbreaks are being recorded in other European countries (Oidtmann et al. 1999; Bohman et al. 2006; Diéguez-Uribeondo 2006) , often due to transmission from the signal crayfish. The proximity of potential crayfish plague carriers to the susceptible species is therefore alarming, although it is not yet known whether American crayfish in the Morava River are infected by the pathogen or not. Although the plague pathogen was not found in the two captured individuals, this does not necessarily mean that the population is plague-free, as the proportion of infected individuals within different American crayfish populations may vary significantly (Kozubíková et al. 2006) .
The density and distribution of the signal crayfish in the Morava cannot be reliably assessed from a record of just two individuals. According to a local fisherman, however, increased numbers of large crayfish in the vicinity of the locality have been observed for at least three years. As these observations were only accidental (crayfish attaching to the fishing baits), it is likely that a relatively dense population is already present in the river. The dense infestation of the captured male by peritrich ciliates is apparently not unusual, as the "furry" appearance of large crayfish individuals has been often observed by fishermen. Infestation of the crayfish body surface by peritrichs is common (Edgerton et al. 2002) and has also been reported from Slovakia (Stloukal 2002) . It usually does not seem to have a direct negative impact, though reports on crayfish mortalities associated with heavy infestations exist as well (Edgerton et al. 2002) .
Local fishermen interviewed at various places confirmed the occasional presence of large crayfish along most of the Slovak stretch of the Morava River. As another large-bodied species, A. leptodactylus, had been previously reported from the river, and introductions of A. astacus took place in the vicinity (Pöckl & Pekny 2002) , it is unclear to which species the local reports may refer to. However, a potential spread of P. leniusculus cannot be excluded -the river offers suitable shelters (rocks in the regulated banks, submerged tree roots, etc.) along both Slovak and Austrian banks, so the expansion of any crayfish is not limited by migration barriers or stretches of unsuitable habitats. The further spread of the species both upstream and downstream is therefore likely, and it may also potentially reach the territory of the Czech Republic. Although the species is already present in eastern part of the country, it is mostly confined to the localities where it has been introduced by humans, and no running waters with signal crayfish are known in the Morava watershed in the Czech Republic (Filipová et al. 2006b ).
The potential threats posed by the American crayfish species in the Morava River call for more detailed assessment of their population density, species structure, and especially the potential prevalence of the crayfish plague pathogen (which can be assessed by molecular methods; see Oidtmann et al. 2006) . Given the high abundance of shelters, even significant effort directed to manual searching may not lead to capture in parts of the river where crayfish are only moderately abundant. However, help from the general public may be solicited (Puky 2006 ) -if properly informed, local fishermen in particular may report any crayfish captures and provide photographs, or even keep the encountered specimens of American species, and in that way efficiently assess the crayfish distribution in the river Morava. The general public in the region should also be informed of the presence of non-native crayfish in the area and their potential impact, so that the further human-mediated spread of these species into additional localities is prevented.
